Introduction
============

Gastroesophageal reflux disease (GERD) is one of the most common digestive disease in western countries [@JR1672-1] . For typical GERD without alarm symptoms, proton pump inhibitor (PPI) therapy is a reasonable approach to treat patients combined with lifestyles changes, as stated in American Society of Gastrointestinal Endoscopy (ASGE) recommendations [@JR1672-2] [@JR1672-3] . For patients with atypical symptoms, alarm symptoms or who do not respond to PPI therapy, upper endoscopy is recommended for differentiating erosive disease (ERD), non-erosive disease (NERD) and other upper lesions. In patients with NERD, ASGE recommends performing ambulatory pH-impedance monitoring to determine the presence of abnormal esophageal acid or non-acid exposure [@JR1672-3] . Refractory GERD (rGERD), defined as incomplete response after optimization of PPI therapy and abnormal esophageal acid exposure, occurs in 30 % to 40 % of patients [@JR1672-4] and is associated with impaired quality of life [@JR1672-5] [@JR1672-6] [@JR1672-7] [@JR1672-8] .

In patients with GERD uncontrolled under optimized PPI therapy, ASGE suggests surgical treatment such as laparoscopic fundoplication [@JR1672-3] tor reduce the caliber of the EGJ. In this situation, laparoscopic Nissen fundoplication is more effective than PPI in mild and long term follow up [@JR1672-9] . However, there is a non-negligible morbidity like dysphagia, inability to blech or vomit and increase bloating and flatulence, called gas bloat syndrome [@JR1672-10] . When surgery is indicated, an esophageal manometry is mandatory for eliminating esophageal mobility disorder.

Few endoscopic treatments have been developed with the aim of reducing the diameter of the esophagogastric junction (EGJ) and mimicking surgical treatment, but these techniques suffer from a lack of efficacy, high cost, and the need for developing new invasive devices [@JR1672-11] [@JR1672-12] [@JR1672-13] . Anti-reflux mucosectomy (ARMS) was first reported by Inoue et al [@JR1672-14] . The purpose of this procedure is to achieve endoscopic fundoplication by submucosal fibrosis induced after extensive mucosectomy of the EGJ. This technique could be simplified by use of a mucosal band ligation system, so-called antireflux mucosectomy band ligation (ARM-b) [@JR1672-15] .

The aim of our pilot study was to assess the feasibility and safety of ARM-b in patients as a primary objective and symptom control as secondary objective with refractory GERD.

Patients and methods
====================

Design and population
---------------------

This was a pilot study with consecutive cases conducted in Marseille between June 2017 and January 2019. Results in patients with refractory GERD after PPI optimization were analyzed.

Esophageal HRM (Manoscan; Sierra Scientific Instruments Inc, Los Angeles, California, United States) recorded pressure changes using the HRM catheter, which contains 36 circumferential pressure sensors. This record was converted with Mano View analysis software (Sierra Scientific Instruments Inc, Los Angeles, California, United States) in a color-coded readout of esophageal pressure. All records were made according to the Chicago classification [@JR1672-16] . Twenty-four-hour ambulatory pH-metry monitoring was performed using an electrode placed 5cm above the lower esophageal sphincter. Esophageal acid exposure and patient symptoms were collected and a potential correlation between esophageal exposure and symptoms was investigated [@JR1672-17] [@JR1672-18] .

After realization of pH-metry and esophageal manometry and confirmation of refractory GERD, patients had clear, fair and objective information about this new endoscopic procedure and its possible adverse events (AEs) or risks. Patients who were eligible for inclusion were included after giving informed consent. Six months prior to the ARM-b procedure, all patients underwent upper endoscopy, pH-metry and HRM.

Inclusion criteria were age over 18 years, clinical history of GERD for more than 2 years uncontrolled by PPI use, positive pH-metry (after PPI disruption) defined as an acid exposure time (AET, % time with pH \< 4 \> 6 %) [@JR1672-19] [@JR1672-20] [@JR1672-21] , high-resolution manometry (HRM) confirming normal esophageal peristalsis defined by more than 50 % of peristaltic waves associated with relaxation of the lower esophageal sphincter during swallowing [@JR1672-16] .

Patients were ineligible if they had a hiatal hernia longer than 2 cm (or Hill score \> 3 or 4), severe esophagitis (defined by an esophagitis C or D according to Los Angeles classification), Barrett's esophagus with dysplasia or relief anomaly. Results of HRM, according to the Chicago classification v3.0, were to confirm absence of an esophageal motility disorder or ineffective esophageal motility defined by \> 50 % of ineffective swallows, contraction amplitude \< 30 mmHg at pressure sensors positioned 3 or 8 cm above the low esophageal sphincter [@JR1672-16] .

The following clinical data were systematically assessed: age, body mass index (BMI), sex, consummation of tobacco and alcohol, surgical history, diet, PPI therapy, and level of satisfaction.

ARM-b procedure
---------------

All patients were informed about the technique and potential AEs. ARM-b procedures [@JR1672-15] were performed under general anesthesia with tracheal intubation. Patients were positioned on their backs. A large operating channel endoscope (3.8 mm) was used for the procedure (Fuji, Tokyo, Japan or Pentax, Tokyo, Japan), all equipped with virtual chromoendoscopy (iscan for Pentax (Tokyo, Japan) and BLI/CLI for Fuji scope (Tokyo, Japan). The EGJ was endoscopically assessed to confirm absence of contraindication for this procedure ( [Fig. 1a](#FI1672-1){ref-type="fig"} , [Fig. 1b](#FI1672-1){ref-type="fig"} ).

![Esophagogastric junction in retroflexion focused on the little curvature of the stomach. **b** Esophagogastric junction in retroflexion focused on the large curvature of the stomach.](10-1055-a-1038-4012-i1672ei1){#FI1672-1}

Then a multi-band ligation device (Duette, Cook Medical, Winston Salem, USA) was fitted on the endoscope. The endoscope was positioned at the level of EGJ towards the axis of the lesser curve. Then the procedure was as follows:

1.  A 23-G needle was used to inject in the submucosa adrenaline serum (1/1000) for mucosal lifting.

2.  The EGJ mucosa was captured with band ligation (1 centimeter in the esophagus and 2 cm in the stomach).

3.  The captured mucosa was cut with a hexagonal snare (Duette, Cook Medical, Winston Salem, North Carolina, United States). The electrosurgical unit setting was Endocut Q, effect 2 (Erbe, Erlangen, Germany).

These three steps were repeated until a piecemeal mucosectomy of three quarters of the circumference of the EGJ was achieved.

After retrieving the distal cap, endoscopic assessment of the resected area was conducted to treat potential bleeding or coagulated vessels on the surface. Retroflexure was carried out at the end of the procedure to confirm the complete resection of three-quarters of the circumference of the EGJ ( [Fig. 2](#FI1672-2){ref-type="fig"} and [Fig. 3](#FI1672-3){ref-type="fig"} ). Technical success was defined by mucosectomy of three-quarters of the EGJ circumference in direct vision and retroflexure. All procedures were performed by an endoscopist trained to mucosectomy of upper digestive tract.

![ Direct visualization of esophagogastric junction after ARM-b.](10-1055-a-1038-4012-i1672ei2){#FI1672-2}

![ Esophagogastric junction in retroflexion after ARM-b.](10-1055-a-1038-4012-i1672ei3){#FI1672-3}

During the procedure, a pain-killer protocol (created by anesthesia team) was applied to all patients. It was composed of a minor pain-killer (paracetamol 1 g), an antiemetic (metoclopramide) and a PPI (like esomeprazole 40 mg).

Postoperative course and follow-up
----------------------------------

Patients were monitored for 4 to 6 hours in the recovery room and discharged after the procedure. In case of complication due to the procedure or anesthetic requirement (patient living alone or far away from the hospital), patients were hospitalized.

Patients had a liquid diet on the evening of the procedure and a soft diet for 5 days after the procedure. PPI therapy was continued for 2 months. Each patient was told to modify their diet after the procedure by increasing chewing time and lengthening meal time. Endoscopy was performed at 6 months to assess endoscopic results at EGJ ( [Fig. 4a](#FI1672-4){ref-type="fig"} and [Fig. 4b](#FI1672-4){ref-type="fig"} ).

![Control of esophagogastric junction in retroflexion after ARM-b focused on the little curvature of the stomach, EGJ narrowing scar. **b** Control of esophagogastric junction in retroflexion after ARM-b focused on the large curvature of the stomach, EGJ narrowing scar.](10-1055-a-1038-4012-i1672ei4){#FI1672-4}

During follow-up, patients were called back for medical investigation to be clinically assessed and determine their clinical outcome (PPI intake, symptom score and QOL scores) at 3 and 6 months and then every 6 months thereafter in clinics. Clinical assessment at 3 months was based on:

-   Changes in PPI intake, defined as a change in PPI therapy either by discontinuation or a decrease of half-dose;

-   Overall satisfaction before/after ARM-b, classified as "good" by a change in satisfaction from dissatisfied to satisfied and "neutral" by a change from neutral to satisfied on a visual analogical scale;

-   Improvement in the main GERD symptom with GERD-q [@JR1672-22] before and after ARM-b; and

-   Evolution of patient quality of life based score GERD-HRQL [@JR1672-23] [@JR1672-24] and SF-12 [@JR1672-25] [@JR1672-26] .

-   Clinical assessment at 6 months and every 6 months thereafter was based on:

-   Changes in PPI intake, defined as change in PPI therapy either by discontinuation or a decrease of half-dose; and

-   Overall satisfaction before/after ARM-b, classified as "good" by a change in satisfaction from dissatisfied to satisfied and "neutral" by a change from neutral to satisfied on a visual analogical scale

Objectives
----------

The primary objective was to assess the safety and feasibility of the procedure. Judgement criteria were immediate procedural AEs (perforation or bleeding) or delayed (such as esophageal stricture). The secondary objective was to evaluate symptom control with ARM-b. Judgement criteria were:

-   main GERD symptom improvement;

-   evolution of patient quality of life;

-   changes in PPI intake; and

-   overall satisfaction before/after ARM-b

Regulatory aspects and statistical analysis
-------------------------------------------

This was a retrospective study (n°2019--176) in consecutive patients all managed in the same manner with clinical and functional investigations. The data used were anonymized and collected from the Assistance Publique-Hôpitaux de Marseille computer file which is declared to the Commission Nationale Informatique et Liberté (French National Commission for Data Protection). This procedure has been approved by the ethics committee of the AP-HM's digestive disease department.

Qualitative data before/after (Satisfaction score, PPI therapy) were summarized as a percentage and calculated at 3 and 6 months follow-up. For quantitative data before/after (score GERD-q; SF-12; GERD-HRQL), statistical analysis was done with linear regression for calculating coefficient of regression and tested for significance using Student's *t* -test. The regression coefficient (α) must be between 0 and 1 for there to be an improvement after the ARMS-b procedure. If α is close to 0, the score is modified after performing ARMS-b. *P*  \< 0.05 was considered statistically significant. Data and median of the different scores were represented as a mustache box diagram. Statistical analysis was carried out using TIBO Statistica v13.3 software (licensed granted to the University of Montpellier, research laboratory MRE-TRIS).

Results
=======

The ARM-b procedure was performed in 24 patients during the study period between June 2017 and January 2019. Three patients were lost to follow-up ( [Fig. 5](#FI1672-5){ref-type="fig"} ). Thus 21 patients -- 11 men and 10 women -- mean age 56.8 ± 14.4 years were included in the study. Nineteen patients were treated in the ambulatory setting and three were hospitalized for anesthesia requirements. Patient characteristics are reported in [Table 1](#TB1672-1){ref-type="table"} . Before procedure, none of the patients had peptic esophagitis, four patients had Barrett's esophagus (3 C0M1 and 1 C0M2 according to the Prague classification). All patients had an AET \> 6 % by pHmetry.

![ Flowchart of study population.](10-1055-a-1038-4012-i1672ei5){#FI1672-5}

###### Characteristics of study population (n = 21).

  --------------------------------- ----------------------
  Age (years)                       56.87 (± 14.47)
  Male sex                          52.8 % (11 men)
  Average BMI (kg/m²)               24.35 (± 4.58)
  Smoke                             23.80 % (5 patients)
  Surgical history                  
  Masson                            1
  Gastric bypass                    1
  Nissen                            1
  Second ARMS-b procedure           2
  Average follow-up time (months)   10 (± 5)
  --------------------------------- ----------------------

BMI, body mass index; ARMS-b, antireflux mucosectomy band ligation.

Procedure safety profile and feasibility
----------------------------------------

The technical success rate of ARM-b was 100 % in a mean time of 35 ± 11 minutes. No perioperative AEs occurred. One patient had a preventive clipping due to deep resection without perforation or clinical consequences. Endoscopic control at 6 months was achieved in 17 patients (81 %) with a pattern of narrowing of the EGJ scar ( [Fig. 4a](#FI1672-4){ref-type="fig"} and [Fig. 4b](#FI1672-4){ref-type="fig"} ). Of the remaining four patients without narrowing of the EGJ scar, one was treated with Nissen surgical fundoplication for persistence of GERD and the remaining three are still receiving PPIs. No reflux esophagitis was reported after the procedure.

Regarding the appearance of EGJ according to Hill's grade, 15 patients had a Hill grade 0 before the procedure. At the endoscopic control at 6 months, 14 those patients had narrowing of the EGJ scar. One patient had a Hill grade 1 before the procedure. For that patient, endoscopic control showed narrowing of the EGJ scar. Five patients had Hill grade 2 before procedure. In them, endoscopic control at 6 month showed no change in Hill grade in two patients, a decrease in Hill grade in one patient (1 patient with Hill grade 2 to 1) and narrowing of the EGJ scar in the other two.

Postoperative AEs was evaluated in all patients ( [Table 2](#TB1672-2){ref-type="table"} ) and occurred in four patients (19 %). All were Day 1 bleeding, which was non-severe and conservatively managed without blood unit transfusion, endoscopic treatment or hospitalization. Three patients suffered from dysphagia that occurred at 2 to 4 weeks. They were managed by endoscopic hydraulic dilatation (12-mm caliber) requiring one session in one case and two sessions in the two other cases.

###### Adverse events and conversion to surgical fundoplication (n = 21).

  ------------------------------------------- ---------------------
  Global adverse events (%)                   19 % (4 patients)
  Dysphagia (%)                               14.3 % (3 patients)
  Hematemesis without deglobulinization (%)   4.8 % (1 patients)
  Conversion to surgical fundoplication (%)   4.8 % (1 patient)
  ------------------------------------------- ---------------------

Clinical assessment
-------------------

Mean time of follow up was 10 ± 5 months. Eighteen patients (85.7 %) were followed for more than 6 months. Patient "good" satisfaction rate was 76 % at 3 months and 72.2 % at 6 months ( [Table 3](#TB1672-3){ref-type="table"} ). Patient rate of change in PPI therapy was 76 % at 3 months and 72.2 % at 6 months, with a complete stop in 57.15 % and 50 % of cases at 3 and 6 months, respectively ( [Table 4](#TB1672-4){ref-type="table"} ).

###### Patient satisfaction.

                                                   At 3 months      At 6 months
  ------------------------------------------------ ---------------- ----------------
  Good satisfaction rate at 3 months               76.2 % (16/21)   72.2 % (13/18)
  Dissatisfied or neutral before/satisfied after   47.6 % (10/21)   44 % (8/18)
  Dissatisfied before/neutral after                28.6 % (6/21)    27 % (5/18)
  Neutral before/neutral after                      4.8 % (1/21)     5.5 % (1/18)
  Dissatisfied before/dissatisfied after           19 % (4/21)      22 % (4/18)

###### Change in PPI therapy.

                                     At 3 months      At 6 months
  ---------------------------------- ---------------- ----------------
  Stop or reduction in PPI therapy   76.2 % (16/21)   72.2 % (13/18)
  Stop PPI therapy                   57.2 % (12/21)   50 % (9/18)
  Reduction in PPI therapy           19 % (4/21)      22.2 % (4/18)
  Same dose of PPI                   23.8 % (5/21)    27.8 % (5/18)

PPI, proton pump inhibitor.

Looking at GERD symptoms and quality of life, 18 patients completed all three questionnaires ( [Fig. 5](#FI1672-5){ref-type="fig"} ) before and after undergoing ARMS-b. Three patients refused to complete the questionnaires. Focusing on the main GERD symptoms, median of GERD-Q was 12.5 before the procedure and decreasing to 9 after ( [Fig. 6a](#FI1672-6){ref-type="fig"} ).

![Mustache box diagram of median GERD-HRQL. **b** Mustache box diagram of median GERD-Q.](10-1055-a-1038-4012-i1672ei6){#FI1672-6}

Regarding quality of life, the median of GERD-HRQL was reduced from 23.5 (with GERD-HRQL heartburn sub-score at 13.5 and regurgitation sub-score at 10.5) to 16.5 (with GERD-HRQL heartburn sub-score at 9 and regurgitation sub-score at 4.5) after the procedure ( [Fig. 6b](#FI1672-6){ref-type="fig"} ). As for global quality of life, the median of the mental SF-12 went from 42.58 to 45.83 and the median of physical SF-12 went from 44.24 to 44.72. In linear regression analysis, the coefficients of regression were statistically significant for GERD-Q (α = 0.5168; Student's *t*  = 2.41; *P*  = 0.0281) as well as for GERD-HRQL (α = 0.4854; Student's *t*  = 2.22, *P*  = 0.041). Results of the coefficients of regression (α) for each score are shown in [Table 5](#TB1672-5){ref-type="table"} with *P* values.

###### Statistical analysis of score result with linear regression.

  Linear regression before/after   Regression coefficient 0 \< α \< 1   Student's t ( \> 2)   *P* value (\< 0.05)
  -------------------------------- ------------------------------------ --------------------- ---------------------
  GERD-Q                           0.5168                               2.4145                0.0281
  GERD-HRQL heartburn              0.6595                               3.5092                0.0029
  GERD-HRQL regurgitation          0.4926                               2.2641                0.0378
  GERD-HRQL                        0.4854                               2.2209                0.0411
  SF-12 physical                   0.9084                               8.6884                0.0000
  SF-12 mental                     0.3886                               1.6871                0.1110

GERD-Q, GERD Questionnaire; GERD-HRQL, Gastroesophageal Reflux Disease-Health-Related Quality of Life score.

Discussion
==========

In the current study including 21 patients with rGERD treated by ARM-b, the AE rate was 24 % mainly represented by dysphagia with only one early post-procedural complication (bleeding). All AEs were minor as defined by Cotton and al [@JR1672-27] and endoscopically managed with one or two dilations. This result confirmed the safety profile of ARM-b procedure in the ambulatory setting. The dysphagia rate was 14 %, which is lower than after surgical fundoplication, as reported in the literature [@JR1672-10] . As a comparison as well, with antireflux endoscopic procedures, serious AEs such as esophageal leaks, hemorrhage, and mediastinal abscess have been reported in the literature with rates between 3.2 % (for TIF) and 13.8 % (for MUSE) [@JR1672-13] [@JR1672-28] [@JR1672-29] [@JR1672-30] . In our study, this technique was not associated with severe AEs, longer hospital stays or a need for additional endoscopy or surgery. Moreover, the technique failed in only one patient, who required conversion to surgical fundoplication that was without technical difficulty. Comparatively, Inoue et al [@JR1672-14] reported a complication rate similar to that for our technique in two of 10 patients requiring endoscopic dilatation after ARMS.

From a technical point of view, the procedure was designed to achieve "piecemeal" mucosectomy of three-quarters of the EGJ circumference and centered on the gastric less curvature, across the Z line involving mainly the gastric mucosa, so as to shorten the EGJ diameter. Indeed, as for Barrett's esophagus [@JR1672-31] , leaving a healthy mucosal band at the EGJ decreases risk of too narrow stricture. Finally, we still recommend submucosal injection for ARM-b, starting on the gastric side of the Z line, to limit risk of full-thickness resection and to suck larger mucosal pieces. Compared to Ithat used by noue et al [@JR1672-14] , our ARM-b procedure was more homogeneous than ARMS because Inoue H et al used two different types of modalities for mucosectomy (endomucosal resection \[EMR\] and endoscopic submucosal dissection \[ESD\]) and reported a variable mucosectomy area of EGJ (circumferential, two-thirds circumference or half-circumference). In our study, average procedure duration was 35 ± 11 minutes compared to 76 minutes for ARMS Cap-EMR from Inoue.

With regard to symptom control, the rate of change in PPI therapy was 76 %, with 12 patients stopping the medication completed and four reducing their daily PPI dose at 3 months. Similarly, our results at 6 months are comparable with other endoscopic procedures with a success rate of 72.2 % (TIF: 67 %; MUSE: 65 % and STRETTA: 78 % at 6 months) [@JR1672-13] . Unfortunately, because pHmetry data after the procedure are not available, we are unable to demonstrate the complete efficiency of ARM-b.

Analyses of quality of life scores retrospectively calculated before and after ARM-b showed statistically significant changes for GERDq and GERD-HRQL that indicate improvement. As reported by Becher and El Serag H [@JR1672-32] , persistence of GERD symptoms despite use of PPIs is associated with a decrease in quality of life. In our study, there was a significant increase in quality of life after the procedure, which suggests better symptom control. Similarly, there was significant improvement in quality of life related to GERD, as seen with other endoscopic techniques [@JR1672-13] . The lack of statistical significance in mental SF-12 can be explained by the addition of other pathologies disrupting patient quality of life. The regression coefficient for physical SF-12 shows a trend to 1 meaning that ARM-b did not alter the physical quality of life of patients. The "good" rating of satisfaction by only 76 % of patients may reflect difficulty with the question because only one parameter related to quality of life (GERD) was assessed. The statistically significant decrease in GERD-q score after ARM-b clearly illustrates a decrease in typical GERD symptoms (heartburn and regurgitation) which is comparable to Nissen fundoplication [@BR1672-33] and other endoscopic techniques [@JR1672-13] . Use of a score that includes only typical symptoms underscored the effectiveness of our procedure in typical patients. Several studies have shown that in patients with atypical symptoms, surgical fundoplication has fewer effects than in those with typical symptoms [@JR1672-34] [@JR1672-35] . These results are encouraging in symptom control and PPI disruption in medium-term follow-up and if confirmed in long-term follow-up, should demonstrate the efficacy of ARM-b in treatment of GERD.

Conclusion
==========

In conclusion, ARM-b is safe, reproducible, and feasible in an ambulatory setting, without severe complications. Dysphagia is the main AE associated with this procedure and is easily managed by endoscopic dilatation. PPI disruption was achieved in more than 70 % of patients at 6 months and there was a decrease in healing of GERD symptoms in more than 70 % of patients without recurrence after 6 months. This procedure, which seems simple, could extended to all centers experienced in mucosectomy with band ligation system and would not involve extra costs or a specified learning curve. The encouraging results in this study require longer follow-up and further prospective studies are warranted to confirm the outcomes and determine for which patients ARM-b would be most suitable.
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